Bom in Glasgow and trained in medicine, FERGUS CAMPBELL became associated with the Physiological Laboratory in Cambridge in 1953. Rising through the ranks he gained a personal chair in Neurosensory Physiology before retiring in 1991. He concentrated his research efforts, which were aided by his great skill as an experimentalist, on human vision and was most closely identified with the Fourier theory of vision. Fergus Campbell is remembered by his many post-doctoral collaborators from all over the world for his personal kindness and his inordinate fondness for disputatious conversation.
F a m i l y b a c k g r o u n d a n d e d u c a t i o n
Campbell was proud of his Scottish ancestry. His grandfather was an engineer main taining the presses of the Glasgow Herald. William Campbell (1891 -1968 , his father, started a diploma in pharmacy and ran a chemist shop on Cathedral Street, Glasgow, marrying his assistant, Anne Fleming (1898 Fleming ( -1984 . While she attended to the shop, William went to classes at nearby St Mungo's College and the Royal Infirmary. He qualified L.R.C.P., L.R.C.S. Ed., L.R.F.P.S. Glas. in 1921, aged 30, and became a general practitioner in a working-class district in Glasgow, energetically conducting a large practice and winning the confidence of even the most hard-boiled inhabitants of the Gorbals. His intimate contact with real poverty swung his middle-class conservative views from the far right to the near left. I remember him as a kind and shrewd clinician who had a knack for pitching his instruc tions in a form appropriate to the level of understanding of the patient.
The four children -Fergus was the second and the oldest boy -grew up in a nurturing atmosphere surrounded by books. Their mother was fascinated by antiques and in fact, after their father's retirement, they moved to Drumnadrochit on Loch Ness and opened an antique shop, much frequented by tourists looking for the Loch Ness monster.
Fergus attended primary and secondary school at the Glasgow High School for Boys. He always maintained that he was mildly dyslexic, and in truth, all his life had difficulty in spelling. But he was an avid reader and was encouraged by some good teachers. Both his father and his science master fostered his hobbies: chemistry, physics, optics, photography, later electricity and radio. Campbell's lifelong fascination with gadgets was probably devel oping at the time. At any rate, as a teenager he built radios and amplifiers. His sister Anne once told me that he installed a switch in his bedroom door, that would automatically extin guish his reading light, when his parents checked whether he was still up and reading instead of asleep. Fergus reports that his teachers helped him repeat some of Michael Faraday's experiments and also those of Lord Kelvin, who of course was a local hero.
G l a sg o w M e d ic a l S c h o o l
Fergus entered Glasgow University as a medical student shortly after the outbreak of World War II. Male medical students were enrolled on condition that they serve in the Home Guard. An additional duty was to become a fire watcher at night to extinguish German incen diary bombs. Fergus chose the Physiology building to fire watch, spending much of his time with E.P. Cathcart, F.R.S., then Regius Professor, and this chance event may have inspired him to pursue physiology in later life. The shortage of medical personnel became so great during the war that the final year students were seconded to be hospital interns. Fergus was attached to the ophthalmology department at the Western Infirmary in Glasgow. Fergus qual ified M.B., Ch.B. in 1946. His exposure to ophthalmology led him to do clinical work in this area and he was able to pass, on the first try, the D.O.M.S. two years later. But he found rou tine clinical work rather boring and drifted over to do research and teaching in the Department of Physiology, thanks to the interest aroused by Cathcart and the encouragement offered by his successor, Professor R.C. Garry. He received his Ph.D. in 1952 and later pre sented a thesis on the depth of focus of the eye, for which he was awarded the M.D. degree in 1959. The reason for the latter was that Campbell already had connections with several American laboratories and no one in America could understand what M.B., Ch.B., D.O.M.S. signified; on the other hand, the M.D. degree helped in gaining access to research funds. M a r r ia g e a n d fam ily Fergus met Helen Margaret Cunningham, a fellow medical student, while they were both dissecting the same corpse. Helen's father, William Ross Cunningham Ll.D., a classicist and bibliophile, was Librarian and Keeper of the Hunterian Museum at Glasgow University. Their marriage took place in 1948 and they had four children, three girls and one boy, three of whom, as well as four grandchildren, survive him. Helen went on to qualify in medicine and spend many years as a general practitioner in the Cambridge area. Those who enjoyed the hospitality in their home in Cambridge have fond memories of her level-headed handling of Fergus's irrepressible humour and lack of reverence for authority. The standing joke was that because Helen received a better grade in anatomy than Fergus, the task of carving the Sunday roast fell to her. Except of course, on such special occasions as when Fergus was the first in Cambridge to bring back an electric carving knife from America and had to show it off.
Campbell suffered from ankylosing spondylitis much of his life, but never complained. As more joints became fused, movements were restricted and he was unable to travel long dis tances later in life. Recurring attacks of iritis were controlled by steroids and had no doubt some influence on the direction of his medical and scientific interests.
Campbell was bom, received all of his education, was married and had two of his children 'all within earshot of Glasgow University's Campaniles,' as he wrote. Whether the decision to emigrate to England was 'due to a long Scottish tradition that surfaced in his genes' or merely due to the tempting offers from the South (London and Oxford) he was willing to debate, but Scottish nationalist sentiments he continued to express till the end of his life.
At any rate, he accepted a call to work in a non-tenurable slot in the Nuffield Laboratory of Ophthalmology in Oxford in 1952. It had the advantage of proximity to the Institute of Aviation Medicine at the R.A.E. Farnborough, Hants, permitting continued collaboration with his earlier colleague in the Department of Physiology of Glasgow U n iv e r sity , T.C.D. Whiteside. There he met Sir Bryan Matthews, F.R.S., who was not only a major figure in RAF research, but had also just been elected as Adrian's successor to the chair of physiology at Cambridge. Matthews offered him a university lectureship in physiology with a promise of College Fellowship at St Johns. As a result the family moved to Cambridge in 1953 and have lived there for the last 40 years.
O PHTHALM OLOG ICAL RESEARCH
Fergus's first scientific efforts dealt with clinical ophthalmological problems. Concerned with corneal ulcers and injuries, he discovered that ascorbic acid promoted healing. It was a source of great pleasure to him that this work was quoted in Martindale's Extra Pharmacopeia, the standard pharmacological reference book of its time. These days, of course, possible beneficial effects of vitamin C are discussed very prominently, but this research was begun in the late 1940s. T.A.S. Boyd, who later emigrated to Edmonton, Canada, and I.C. Michaelson, a local ophthalmologist and subsequently Professor of Ophthalmology at the Hebrew University, were some of his collaborators.
The study of retinal vascularization in the rat, published in 1951, dealt with the effect of low atmospheric pressure, and it foreshadowed the elucidation by Norman Ashton, F.R.S., of the pathogenesis of retrolental fibroplasia, which affected premature babies and highlighted the effect of oxygen therapy. Occasionally Fergus would wonder whether, if he had been familiar with the clinical condition, he could have made the clinical breakthrough that gave Norman Ashton such deserved prominence.
W o r k w i t h P r o f e s s o r W h i t e s i d e a n d t h e RAF
In 1948, when Campbell was still an assistant in the Institute of Physiology in Glasgow, Professor Garry introduced him to T.C.D. Whiteside, whose career goal then was to return to the RAF as a research medical officer. It was the beginning of a life-long friendship and col laboration.
About their collaboration Professor Whiteside writes:
As we chatted about possible projects which might reach completion in the available year, 24 year old Fergus, who was two and a half years my junior, adroitly took command with that endearing quality of modesty and natural skill in putting people at their ease. Fergus suddenly said 'hippus.' Someone had found that you could induce hippus or pupillary oscillations by shining a beam o f light on the edge of the iris so that, as the pupil constricted, the light was cut off from the retina and the pupil again dilated, again allowing light on to the retina so that a continuous oscillation of pupil dilation and contraction was set up: so-called hippus. The study proved fascinating since it was a simple way of observing a biological control system at work as well as providing a method o f assessing the speed of pupillary constriction. In fact one symptomless subject with an unusually low number o f pupillary constrictions in 10 seconds was later diagnosed as having multiple sclerosis. And so within ten months we had a paper to be published in the British Journal of Ophthalmology on induced pupillary oscillations. (Campbell & Whiteside 1950) I went off to the RAF Institute of Aviation Medicine at Famborough, where I was asked to look at the visual problems which test pilots were experiencing when flying at 40,000 feet altitude. After a number of unpressurized flights at high altitude I got the idea that in the cloudless blue sky above the tropospause you could not be sure whether you were actually focused at infinity since there was no visible detail on which to accommodate -so much so that although one was looking in the right direction, an on-coming aircraft could be detected at perhaps only one mile which, at a closing speed of 600 miles per hour, only gives 6 seconds for avoiding action. What if the given teaching was wrong in that the relaxed position of accommodation was not at infinity but at some intermediate point between near point at far point? Some simple lab tests quickly lashed up seemed to confirm the hypothesis. And then I thought of Fergus. We talked over the problem and began making some measurements. The technique which Fergus used had been to take still photos of the changes in separation o f the third Purkinje-Sanson images reflected off the anterior surface of the lens of the eye. We managed to photograph these with a heavy cine camera in partial darkness and then calculate the accommodation by laboriously measuring frame by frame the separation between the images on metres and metres o f 16 mm film.
Since on an extraordinary number of occasions Fergus and I apparently by chance were working on identical psycho-physiological problems inevitably we spent more time together at Famborough, Oxford and Cambridge. At 
W i l l i a m R u s h t o n a n d r h o d o p s i n o p m e t r y
When he arrived in Cambridge in 1953, Fergus's interest in optical and image-forming aspects of the human eye had consolidated and it was this that established his reputation. From then on, all the publications dealt with various aspects of vision. But the beginning of a truly independent career had to wait for a year during which Fergus participated in a decisive experimental programme that was under way in Cambridge in William Rushton's laboratory. At the time, the dominant theory of vision was associated with the American biophysicist Selig Hecht, who had proposed a direct link between a variety of visual thresholds and the concentration of visual pigment in the retinal receptors. Things had been going wrong with this theory in the late 1940s and early 1950s. For example, Aguilar and Stiles calculated that dim lights, which bleached only a tiny amount of rhodopsin nevertheless caused a profound elevation of threshold. Rushton decided to measure the rhodopsin concentration in the living retina in experimental animals and, if possible, also in man, where thresholds are easily determined. There were several co-workers in this endeavour, including Hagins and Brindley, but the single most important paper is the one by Rushton and Campbell in 1955.
The thrust of the paper is that the signals, whose time course was recorded by the authors as reflection from the human fundus, were indeed those of rhodopsin concentration. To this end they recorded their dependence on wavelength (this matched the scotopic luminosity curve) and retinal position (this matched the known distribution of rods in the retina). The experiments were carried out with considerable optical and instrumental sophistication, well beyond those for which Rushton, even with the help of his excellent technician Clive Hood, was known. This was, of course, Fergus's contribution. Until he learned to respect their skills, William Rushton tended to be intolerent of other people's ideas and opinions. It surely required a great deal of Campbell's patience, equanimity and tolerance to manage to get through that year and still remain on a good footing with Rushton.
P u p i l a n d a c c o m m o d a t i o n
Fergus had already investigated the depth of field of the human eye and looked into the focus setting of the dark adapted eye. When certain unexpected signals occurred in the rhodopsinometer reading, he identified them as having their origin in accommodative changes and developed the idea of using the procedure to measure the refractive state of the eye. Still an undergraduate in those days, John Robson helped in the design and the result was what is now called the Campbell-Robson optometer. It is an opto-electronic implemen tation of the Scheiner principle and allows on-line recording of accommodative changes.
Early records showed curious fluctuations of the signals, suggesting an unsteadiness of the refractive state. Similar oscillations are known to exist for the pupil and Campbell partici pated in a project on pupil oscillations with Attwood and Larry Stark, then at Yale. A few years later, Fergus would come back to the pupil when Mat Alpern worked in Cambridge in the early 1960s; they investigated the wavelength dependency of the pupil light reflex.
I had published a paper demonstrating fluctuations in the empty-field accommodative state, and when Fergus read it, and when I heard of his automatic recording device, it was natural for us to get together and join in an effort, together with the newly enrolled Ph.D. candidate John Robson, to lay out workings of the accommodative responses in the human. The resulting papers were of interest to the British optometric profession, who invited Fergus to give the 1959 British Optical Association Foundation lecture. Published in the British Journal o f Physiological O p t i c s , it summarizes admirably the newly acquired (Campbell 1959) . Although several ingenious experiments were carried out, we were never able to demonstrate conclusively that the microfluctuations were part of a hunting servo. John Robson was in his element here: effortlessly putting forward possible mechanisms which were left to Fergus and me to sort out and, usually, falsify by quick tests. One of the more enduring results of this line of investigation was a paper that outlined the dynamics of the human accommodation system: reaction time, responses to pulse, step, ramp and sinu soidal focus changes. The framing of the experimental questions was influenced by the theory of control systems that had just then come into vogue in biology and had as its basis the possibility that the stimulus-response or input-output relationship could be described in terms of differential equations. One began by trying linear ones, of as low an order as one could get away with. This usually did not go very far and it was the special virtue of the people in the environment of the Cambridge Physiological Laboratory to recognize such lim itations and to place the biological view ahead of the mathematical. While much effort was devoted subsequently to putting the accommodation oscillations into a systems-theoretical context, for example by groups at the Massachusetts Institute of Technology, simply taking tools from engineering analysis of servo systems did not do full justice to the complexity of the neural circuits involved and their easily demonstrable nonlinearities.
The question of the neural pathway for accommodation had always been of interest: was it a reflex, going via the superior colliculus or pretectal area, like the pupil? This had been championed by Edgar Fincham, one of the unsung heroes of British optometry and a firstrate scientist. A series of experiments convinced us that it could not be thus; too many subtle clues (chromatic fringes, spherical aberration, astigmatism) could be learned by an observer to find the correct direction of accommodation change. When they were absent, the observer could not tell whether to increase or decrease accommodation. The term 'even error detec tion' is often used here. Analysis of fluctuations naturally leads to a Fourier approach. When we were confronted with the task of computing the power spectrum, we came into contact with the Cambridge Computing Laboratory, headed by Maurice Wilkes, F.R.S., and then inhabited by 'far-out types' (most of them now revered senior scientists). In particular, programs running on EDS AC were made available by Sir Edward Bullard, F.R.S., Peter Felgett (now Professor P. Felgett, F.R.S.) and Peter Swinnerton-Dyer (now Sir Peter Swinnerton-Dyer, F.R.S.)
Somehow, as later history shows, Fourier theory resonated in Fergus's mind, although at the time he spent hours every day challenging people to explain it to him. One of Fergus's real strengths as a scientist came out best in those days. He was a brilliant experimentalist, naturally at home with any kind of optical component, light source, electrical circuit element. We all worked in one large room. Between Fergus and John Robson, they could assemble even the most sophisticated apparatus from cheap war-surplus and salvaged devices. Fergus was entranced with all gadgets; as well as the electric carving knife, he was the first in Cambridge with a Land camera, a photo-diode, a laser. Campbell's natural curiosity about vision, his full training in medicine and ophthalmology, his clinical experience, and the prox imity of colleagues who were the best physiologists and biophysicists of the time, made his laboratory the most exciting environment imaginable to do vision research.
R e t i n a l i m a g e q u a l i t y
The shape of the eye's point-spread function has been an enduring question in vision research, because it needs to be known before such visual phenomena as resolution and retinal interaction can be properly understood. Helmholtz had been interested in it; Fry and Cobb had built an elaborate theory of it involving a Gaussian distribution. In the late 1950s a controversy had developed. Research in Boynton's laboratory in Rochester, with Jay Enoch and DeMott as collaborators, using direct measurement on excised steer eyes had come up with exceedingly wide distributions that were virtually impossible to reconcile with the excellent resolution capacity of the human eye. On the other hand, in 1955 Flamant, working in Amulf's laboratory at the Institut d'optique in Paris, had published her thesis describing much more reasonable results obtained with her new double-pass technique. She imaged a slit on the retina and caught the reflected light in a conjugate plane on a photographic plate. The width of the light distribution was estimated by a rather cumbersome method, and sub jected to a kind of analysis which was then quite unfamiliar. The double-pass distribution is the self-convolution of the image. The latter can be recovered by taking the square root of the Fourier transform and then retransforming. When Fergus visited Berkeley in 1960 we brought Flamant's method up-to-date by using a slit, a photo-multiplier and an oscilloscope to measure the double-pass image. The calculations were done on the IBM 701 computer in Berkeley and on EDSAC in Cambridge and showed that Flamant had indeed been right and that the excised steer measurements could be ignored as being irrelevant to human vision. An abstract was sent in for the Fall, 1961 meeting of the Optical Society of America, and the full paper was published in 1962.
A few years later, Roland Gubisch, an American who was a Ph.D. student in Cambridge, took the experiments up again and by using averaging techniques and otherwise taking meticu lous care with details, was able to achieve even sharper double-pass images in the young normal eye. The papers by Campbell and Gubisch in the Journal o f Physiology have been the standard reference to the eye's optical quality for a generation (Campbell & Gubisch 1966) .
When Daniel Green, now in Michigan and at the time a recent Ph.D. from Christina Enroth-Cugell's laboratory at Northwestern University, came to work with Fergus, they began a remarkable study in which they combined the Young's interference fringe stimulus, which bypasses the optics of the eye, with the modulation sensitivity curves, which were then coming into vogue and about which more later. The difference between the two mea surements should be the optical transfer curve of the eye, but it did not quite match that derived from the double-pass measurement. This discrepancy still remains unresolved. The experiment is also of interest because Campbell and Green used a laser to produce the inter ference fringes on the retina. Just as Fergus's familiarity with electronics and optics made the crucial difference in rhodopsinometry and accommodation measurements, so did his knowl edge of photomultipliers and lasers play a role in establishing benchmarks in our information about the eye's optics.
There is also a curious phenomenon sometimes called the Campbell effect after its discov erer. The resolution of a grating suffers when it is viewed through an eccentric pupil. Fergus discussed this phenomenon with W. Stanley Stiles, F.R.S., because it must somehow be related to the Stiles-Crawford effect, but I do not know the final status of this research.
F o u r i e r t h e o r y o f v i s i o n
Campbell had been intrigued by Fourier theory from at least 1958. This must have had its origin in his childhood interest in radio and it was furthered by the then standard way of analysing linear systems with sinusoidal stimuli. The major antecedents of the Fourier theory of vision were two engineers: DeLange analysed the response of an observer to temporal sinusoidal changes and Schade, in 1956, measured the response of observers to the modula tion of spatial sinusoids. The curves published by Schade demonstrated that more modulation was needed to see the fringes at low and at high spatial frequencies than at intermediate one of about 5 cycles/degree. Thus spatial responses, just as temporal ones, exhibit band-pass properties. High frequency attenuation is, of course, to be expected from the optical perfor mance of the eye. Low pass attenuation was new but eminently consonant with the centre-surround properties of ganglion cells which was by then well understood. Although Schade used sinusoidal gratings because they were the standard armamentarium of linear systems analysis, there is a special virtue to them in optics. The way optical imagery works, a sinusoidal intensity distribution will always be imaged as a sinusoidal distribution, albeit with possible changes in modulation and phase. By the late 1950s optical performance was routinely described in terms of the transfer function, and the invariance associated with sinu soidal distributions is in fact the basis for the interference fringe method for determining the resolution of the retinal mosaic.
About 1963, Fergus Campbell and John Robson began to investigate seriously the min imum modulation needed by an observer just to detect the presence of a sinusoidal grating.
The results were plotted as log sensitivity (i.e. the inverse of the Michelson contrast at threshold) versus log spatial frequency in cycles/degree. The concept has become a firm fix ture in visual science. As mentioned above the high-frequency fall-off of the curve is not sur prising; in the limit it is a grating acuity measurement, i.e. the spacing of the finest grating that can be resolved. The rest of the curve is a contrast detection measurement, showing nicely that performance is optimal for a pattern of 5-10 minutes of arc spacing in the fovea for bright light. When the light is dimmer, the curve becomes lower and flatter. Measure ments in the periphery become complicated by the fact that the retinal grain is not uniform in the visual field and, by definition, gratings are extended stimuli. The modulation sensitivity curve, therefore, allows characterization of a full extra dimension of the visual system.
It was quite a coup, then, for Campbell and Robson at the Spring 1964 meeting of the Optical Society of America, to pass out a little folder with a photograph of a grating that increases in spatial frequency in one direction and decreases in contrast in the other, thus allowing the viewer to visualize the change in modulation sensitivity with spatial frequency. The title of the paper, 'Application of Fourier analysis to the modulation response of the eye,' was justified because the authors ventured far beyond the concept of measuring modu lation sensitivity to embrace Fourier theory. There are two essential elements that would jus tify the application of Fourier theory to the visual process. The first is that the response at a given frequency just scales with input amplitude. While this is obviously not always true, it is not an unreasonable assumption where the nonlinearities of threshold and saturation may be neglected. The other demands that the response to one sinusoidal stimulus is unaffected by the presence of a stimulus at another frequency. Campbell and Robson tackled this headon and asserted that this was the case, for the third harmonics.
The stage had obviously been set for a Fourier theory of vision. By this I do not just mean that countless studies from then on used sinusoidal grating stimuli to map out the visual system. Rather it is the postulate, implicit or explicit, that spatial sinusoids are the canonical descriptors of spatial vision. Campbell and his students drew the consequences that follow from the postulate. One of them is that nonlinearities, e.g. thresholds or intermodulation, are to be investigated within the Fourier system, because the response to other stimuli would pre sumably be directly traceable to those sinusoidal ones. The other is an even more important consequence and one that nowadays is central to much vision research.
The eye's spatial modulation sensitivity curve, while outlining the ability to detect contrast of sinusoidal gratings, does not as yet address the question of how the celebrated visual spatial discrimination is achieved. The power spectrum, which is what the modulation sensitivity is in effect based on, does not allow retrieval of the position of individual features, which is a par ticularly well-developed visual capacity. One way to go would have been to look to the phase spectrum to retrieve this information, but the developers of the Fourier theory of vision chose to take a different tack. It was through the introduction of spatial channels.
The quintessential channel formulation is the trichromatic theory of colour vision. The luminosity curve depicts the eye's sensitivity for light of different wavelengths but says nothing about the chromaticity discrimination -there is a scotopic luminosity curve, given by the absorption curve of rhodopsin, but the rod retina is colour blind. Colour discrimina tion, on the other hand depends on the presence of subsystems, in this case three cone pig ments with different absorption spectra, and the overall spectral sensitivity of the light-adapted eye is, more or less, the envelope of the three individual cone curves.
When the threshold for a sinusoidal grating is said to be independent of that for its third harmonic, which was one of the substantive tenets of Campbell and Robson in their first paper, this implies that there is a separate detection process for the two types of stimulus. The fact that they share receptors and presumably ganglion cells is no more an obstacle than the fact that red, green and blue cone pigments overlap in their spectral acceptance curves. A few years later, Graham and Nachmias analysed the situation in greater detail and using com pound gratings demonstrated that the first and third harmonics could be manipulated inde pendently.
In colour vision, one of the most important tools used to outline the sensitivity of the sepa rate cone systems was the adaptation experiment. Thus when Colin Blakemore (now Professor Colin Blakemore, F.R.S.) returned to Cambridge after having completed his grad uate studies with Professor Horace B. Barlow, F.R.S., then in Berkeley, he and Fergus Campbell took the next significant step and investigated visual adaptation to spatial sinu soids. They found that exposure to a sinusoidal grating of one spatial frequency reduced the sensitivity to gratings of the same and nearby spatial frequencies, but not those of further removed spatial frequencies; in other words, they described spatial frequency tuning curves. The stage was set for a whole host of spatial frequency adaptation and masking experiments, carried out by the many students and disciples who flocked to Fergus's laboratory in the late 1960s and 1970s. They took for granted the primacy of the spatial sinusoid as far as spatial vision was concerned. It is interesting that, about the same time, James P. Thomas at UCLA, together with his graduate student Frank Bagrash, conceived a similar channel formulation for disk stimuli and showed that adaptation to one size disk increased the threshold contrast for that size, but left the thresholds for other disk sizes unaffected.
Of course, over time it became more widely evident that the idea of a Fourier theory of vision in the strict sense is not tenable. Too many phenomena cannot be comfortably accom modated by it: the retinal structure is spatially inhomogeneous and receptive fields in the early visual stream, which follow several quite nonlinear stages of processing, are narrowly localized. If many now look to Gabor functions, i.e. spatial sinusoids with a Gaussian window, as the basis functions for spatial vision, they are merely an inevitable development from the original Fourier formulation of vision once the strongly localized aspects of spatial vision are taken into account. The concept of spatial visual channels, which is not dependent on the exact nature of the channels, has, however, retained wide acceptance; its best exposi tion is contained in the chapter by Campbell, Braddick and Atkinson in Volume VIII of the Handbook o f Sensory Physiology (1978) .
Campbell went on to use grating targets in a variety of ways. With Janusz Kulikowski, now at UMIST, he studied orientation sensitivity, for which gratings are particularly well suited, and also the grating contrast as measured by evoked potentials. He also collaborated very effectively with Christina Enroth-Cugell and her group at Northwestern University where they investigated spatial frequency responses of cells in the cat visual stream. These studies meshed well with the original findings of Hubei and Wiesel (1962) that, in the mammal, the cortical reprentation of the visual world is funnelled, in the first instance through neural units that are orientation selective.
A favoured co-worker at the time was Lamberto Maffei from Pisa with whom Fergus developed a special relationship and with whom he studied the human and cat visual system in terms of grating responses.
A n e s t a b l i s h e d s c i e n t i s t
One of the attractions that Sir Bryan Matthews offered Campbell to come to Cambridge in 1953 was the promise of a Fellowship at St John's College and soon enough he became Fellow and Director of Medical Studies there. His impressive rooms on Second Court were on the same staircase as the Chaplain's. Fergus took his task seriously and he was tutor or supervisor to generations of medical students. At the beginning he was active in college life and became a leader in an unsuccessful attempt to have Sir John Cockcroft elected Master. He is still remembered for his spirited High Table and Combination Room conversations, mixing critical comments of the Church and the Monarchy with medical opinions and Scottish nationalist sentiments. In later years, however, he withdrew from college life.
In the 1950s and 1960s, the Cambridge Physiological Laboratory still operated as a single unit. There was a large teaching program in which Campbell participated. Because there were so many other specialists in the nervous and sensory system, he often had to lecture on far removed subjects, such as foetal circulation. There was a remarkable concentration of talent in the Laboratory, especially in the field of vision. Alan Hodgkin (now Sir Alan Hodgkin, F.R.S.) became interested in the biophysics of the visual receptor only later. During Campbell's first decade in Cambridge his colleagues were William Rushton, as men tioned earlier, Horace Barlow (now Professor Horace Barlow, F.R.S.), Giles Brindley (now Professor Giles Brindley, F.R.S.), Professor E.N. Willmer, F.R.S., Pat Merton (now Professor Pat Merton, F.R.S.), and, in psychology, Richard Gregory (now Professor Richard Gregory, F.R.S.). There was much interaction, borrowing of equipment back and forth and, of course, the widely attended afternoon tea. Campbell's gregariousness and his expertise in the simple instrumentation then being used made his single-room laboratory a point of inter section of much of the world's best vision research at the time. It also exposed him to critical evaluation of his propositions from the best minds, which he not only took gracefully but even sought out.
In the years that followed, Campbell accepted many invitations to the United States and had visiting appointments at Yale University, Ohio State University, the University of California at Berkeley, Northwestern University and the University of Wisconsin. There was also an Australian connection with the University of Western Australia. As a result his labo ratory was much in demand as a place to carry out post-doctoral research and was usually teaming with researchers and visitors from all over the world. Campbell much enjoyed all the activity, and most of the visiting colleagues developed a high regard for his helpful career suggestions and counsel. If they did not quite share the rigorous biophysical outlook that had characterized much of the work in the Cambridge Physiological Laboratory up to that time, they provided a link between Campbell's laboratory and the wider area of researchers in per ception and, at times, also those who were thinking about mathematical models and to whom a Fourier theory of vision might be expected to appeal. But increasingly he became dis tanced from his earlier colleagues and this was exacerbated by the physical move out of the old Physiological Laboratory into a building across the walk, now called the Kenneth Craik Laboratory.
From the middle of the 1970s Campbell's publications became shorter, had a greater variety and number of co-authors, and dealt with many more visual phenomena but in less depth, and, it is fair to say, had less of an impact. He made a brief foray into clinical ophthal mology, sponsoring a grating therapy for amblyopia, but this did not catch on. Robert Hess worked in the laboratory, and they wrote several papers together; but Hess, although a good collaborator, did not have the same kind of interaction with Campbell as did Robson, Green, Kulikowski or Maffei, and ended up running his own projects before moving to Montreal.
There was a time when Campbell took an interest in the internal organization of the oph thalmic professions. Because he was trained as an ophthalmologist he had the qualification to speak on behalf of the role of optometrists in eye care and he was appointed by the Privy Council to represent educational interests on the General Optical Council for the 1960-62 term. Campbell continued his consulting activities with various defence organisations throughout his career.
After his election to the Royal Society in 1978, Campbell was recognized for his work on the visual system by the Tillyer Medal of the Optical Society of America in 1980, by the W.J.M. Ettles Lecture in 1980 and by the award of honorary doctorates in Science from his alma mater, the University of Glasgow in 1986 and Aston University in 1987. To mark his retirement from his university post, many students and collaborators gathered in Cambridge in 1992 for what they called the 'Fergusfest', which was a light-hearted affair, featuring a grating-decorated cake. Several dozen posters were shown and abstracts appeared in a spe cial number of Ophthalmic and Physiological Optics, the primary British journal of physio logical optics on whose editorial board Campbell served.
During his last 10 years his old irreverent, questioning, argumentative, gadget-minded, establishment-challenging self manifested itself less often. One of his last publications, co authored with Susan Rothwell, an optometrist, is a modest little number, typical Campbell, of course: simple, ingenious apparatus, psychophysics with a twist, intriguing physiological speculations, and so on. Should one read anything into its title, poignantly 'The physiological basis for the sensation of gloom' ?
A slim volume of warm tributes, compiled by Roger Carpenter a few months after Campbell's death in 1993 and privately circulated, bears testimony to the personal esteem he enjoyed among friends and colleagues.
In Campbell's publication list, one thing stands out. He wrote very well, as is demon strated in the several reviews he prepared. He had a unique gift for handling the experimental aspects of vision research. He was a shrewd evaluator of physiological and psychophysically data. Except for one or two instances early in his career, his major contributions were with collaborators who were at least his equals in theoretical understanding and with whom he could establish a close working relationship. He was at his most creative when his abiding love for science and curiosity about nature were coupled to the gregarious, interactive, dispu tatious side of his personality. 
